Bovine trichomoniasis is a venereally transmitted protozoal infection that is usually associated with infertility and occasionally causes pyometra and mid-to late-term abortions. Some cows can carry the infection throughout gestation and remain infected after parturition. 15 Abortions caused by Tritrichomonas foetus are usually diagnosed by microscopic identification of trichomonads in placental fluids, uterine exudate, or fetal stomach contents or by culture. 1 In addition, characteristic placental and fetal lung lesions have been described, 12 and fluorescent antibody 3 and immunohistochemi-ca1 5,13 techniques have been used to identify T. foetus in tissue sections. The purpose of this report is to describe 4 cases of tissue-invasive T. foetus infection in aborted bovine fetuses.
A male fetus (fetus 1) was aborted in the seventh month of gestation by an Angus-cross heifer and submitted to the Tulare Branch of the California Veterinary Diagnostic Laboratory System (CVDLS) for postmortem examination. At necropsy, spleen and liver were enlarged, and the lungs were firm with patchy, suffusive hemorrhages, interlobular edema, and pale tan areas. Multifocal mucosal necrosis ranging from 3 mm in diameter to 20 x 15 mm was present in the rumen, and focal mucosal hemorrhages were present in the rumen, omasum, and abomasum. Multifocal hemorrhages and segmental hyperemia were seen in the small intestine, and petechial hemorrhages were present in the meninges.
A 7-month female fetus (fetus 2) and a 6-month male fetus (fetus 3) were aborted by Holstein cows from the same dairy and were submitted to CVDLS for necropsy and diagnostic tests. Necropsy of fetus 2 revealed 2 liters of cloudy, yellow, viscous fluid in the rumen and abomasum and rare fibrin flecks adherent to the surface of a mottled liver. Fetus 3 had firm, diffusely yellow lungs with interlobular edema and patchy, swollen, hemorrhagic areas in the cranial lobes. The lungs floated in formalin. The rumen was diffisely hemorrhagic with a granular mucosa and patchy to paintbrush serosal hemorrhages. The omasal wall was diffusely reddened and hemorrhagic. Numerous ecchymotic hemorrhages were visible from the serosal and mucosal surfaces of the small intestine. Mesenteric lymph nodes were mildly enlarged and contained focal hemorrhages. Rare hemorrhages were present in the spiral colon and capsule of the spleen. The liver was mottled and slightly yellow.
Fetus 4 was aborted during the eighth month of gestation. The dam, a heifer, had been bred by a known T. foetusinfected bull as part of an experimental infection study conducted at the University of Nevada-Reno. The fetus was submitted to the Nevada State Department of Agriculture Animal Disease Laboratories for postmortem examination. At necropsy, lungs were firm and dark pink with numerous small, light pink areas distributed throughout the parenchyma. Petechial hemorrhages were scattered throughout the stomach compartments and intestine.
Aerobic bacterial cultures of lung, liver, and abomasal contents from fetuses 1 and 2 and lung and rumen contents from fetus 3 yielded no significant growth. Pasteurella haemolytica was isolated from fetal tissues and abomasal contents of fetus 4. In addition, cultures of fetuses 1 and 2 for Campylobacter spp. were negative, as were fluorescent antibody tests for Leptospira spp. on kidney impression smears. Fungal and anaerobic cultures prepared from lung, rumen, and abomasum of fetus 1 were negative. Results of chemical analyses of aqueous humor from fetuses 1, 2, and 3 for nitrates and nitrites were < 10 ppm nitrates and no nitrites. Trichomonads, morphologically typical of T. foetus, were present in wet mounts of abomasal or rumen contents of the 4 fetuses and were grown in modified Diamond's medium. 1 All fetuses were in fresh condition. Tissue specimens for microscopic examination were fixed in 10% neutral buffered formalin, routinely processed, embedded in paraffin, sectioned at 5 µm, and stained with hematoxylin and eosin (HE). An immunohistochemical technique was used to demonstrate T. foetus. 13 Gram, Giemsa, and Gömöri's methenamine silver (GMS) stains were also used on sections of selected tissues.
Microscopic lesions were similar in all fetuses and consisted of pyogranulomatous bronchopneumonia and necrotizing enteritis with tissue invasion by trichomonads. Specifically, pulmonary airways contained numerous neutrophils and macrophages, moderate numbers of multinucleated giant cells, meconium, and extracellular and phagocytized trichomonads. Small focal accumulations of lymphocytes and plasma cells were located in the interstitium. Few to numerous trichomonads were scattered in interlobular septal connective tissue of all fetuses and clustered in interlobular septal and subpleural vessels of fetuses 1 and 3 ( Fig. 1) . Additionally, fetus 3 had marked focal hemorrhage in interlobular septa and airways of some lobules.
Gastroenteric lesions consisted of mild, focal epithelial degeneration to diffuse necrosis and loss of epithelium. In addition, fetuses 1 and 3 had marked mucosal, submucosal, and subserosal hemorrhage and thrombosis in the forestomach, abomasum, and small and large intestine. Numerous large intraepithelial vesicles containing fibrin strands and erythrocytes were present in ruminal and omasal mucosa overlying hemorrhagic foci (Fig. 2) . Abomasitis was present in all fetuses and varied from mild to marked and focal to diffuse necrosis of glandular and surface epithelium. Moderate focal accumulations of small mononuclear inflammatory cells were scattered in the lamina propria of fetus 1. Intestinal lesions were most severe in the ileum and consisted of focal to diffuse necrosis and detachment of villous and crypt epithelium, with blunting of villi and collapse of the denuded lamina propria. Remaining crypts contained trichomanads and small quantities of cellular debris (Fig. 3) . In fetuses 2 and 4, accumulations of trichomonads filled crescent-shaped pockets subjacent to the epithelium at the deep extent of many intestinal mucosal crypts. In fetuses 1, 3, and 4, submucosal lymphatics were markedly dilated and occasionally contained discemable trichomonads.
Mesenteric lymph nodes from fetuses 1 and 3 had numerous round to oval vesicular spaces in subcapsular sinuses, paracortices, and medullae. Other lesions in the fetuses consisted of multifocal thymic hemorrhage and multifocal hemorrhage scattered in tongue muscle of fetuses 2 and 3, diffuse centrilobular hepatocyte degeneration and focal degenerative vasculitis with hemorrhage in the liver of fetus 2, diffuse tracheal submucosal hemorrhage in fetus 3, and multifocal hemorrhage in the interstitium of the thyroid of fetus 2. Autolytic changes were minimal, and neither bacteria nor fungi were demonstrated by HE or special stains in the 4 fetuses.
The immunohistochemical technique labeled tissue-invasive trichomonads in the lung and gastrointestinal tract of all fetuses. In the forestomach, trichomonads were present individually or clustered in the mucosal epithelium of the rumen, reticulum, and omasum of all fetuses and in intraepithelial vesicles and submucosal hemorrhagic lesions of fetuses 1 and 3. Several clusters of trichomonads were present in clefts immediately subjacent to the ruminal epithelium of fetus 3. Organisms were present in the rumen submucosa and tunica muscularis of fetuses 1 and 3. In all fetuses, trichomonads were demonstrated in abomasal glandular and intestinal crypt lumina, between mucosal epithelial cells, and in lamina propria, submucosa, tunica muscularis, and submucosal or subserosal blood or lymphatic vessels ( Fig. 4A-C) . In the tunica muscularis, organisms were most numerous in connective tissue surrounding small blood vessels and separating circular and longitudinal muscle layers. In addition, organisms were present in occasional dilated lymphatics of fetuses 1, 3, and 4 and were present in mesenteric vessels and adipose tissue of fetuses 1 and 4. No inflammatory cell infiltrate was associated with invading trichomonads. Labeled trichomonads were present in mesenteric lymph nodes of fetuses 1, 3, and 4, and phagocytized T. foetus were in macrophages in mesenteric nodes of fetuses 1 and 4. Extracellular trichomonads were most numerous in subcapsular spaces, and 14 phagocytized organisms were present in many macrophages in subcapsular and medullary sinuses (Fig. 4D,  4E ). Rare labeled trichomonads were scattered in hepatic sinusoids of fetus 3.
The pyogranulomatous pneumonia with multinucleated giant cells seen in the 4 fetuses reported here is consistent with previously described lesions. 12,13 Scattered trichomonads in interlobular septal connective tissue have been re-ported; 13 however, marked trichomonad invasion of septa and septal vessels has not been previously described. Similarly, clusters of trichomonads in abomasal glands and intestinal crypts of a single fetus have been noted, 12 but hemorrhagic and thrombotic lesions, necrotizing gastroenteritis, and massive tissue and vascular invasion in the gastrointestinal tract by T. foetus are previously unreported. The large numbers of invading organisms, the fresh condition of the fetuses, and the presence of phagocytized trichomonads in mesenteric lymph node macrophages is evidence that tissue invasion was an antemortem event. Trichomonad invasion of bovine placental chorion has been reported. 12, 13 The isolation of P. haemolytica from fetus 4 was unusual. 9 No bacteria were observed on specially stained sections of tissues from fetus 4, and the role of P. haemolytica in the pathogenesis of this abortion is undetermined. Pasteurella species are known to cause occasional sporadic abortions in cattle. 9 Nonphagocytized meconium is often found in airways of aborted fetuses and is usually attributed to fetal hypoxia. The occurrence of enteritis in the cases reported here indicates that in T. foetus abortions fetal death and abortion can be preceded by intrauterine diarrhea, resulting in inhalation of the diarrheic material by the fetus. The time interval before death and the granulomatous inflammatory response already present in the lung are conducive to phagocytosis of the meconium. This would explain the frequent occurrence of meconium in lung macrophages and giant cells of T. foetusinfected fetuses. 12 Gastrointestinal tract lesions reported here resemble lesions produced by some other species of trichomonads. Tritrichomonas mobilensis organisms have been observed in intraepithelial vacuoles, clustered in spaces between the basement membrane and crypt epithelial cells and invading lamina propria and submucosa of the intestine of squirrel monkeys (Saimiri sciureus and S. boliviensis). 14 No inflammatory response was associated with these invading T. mobilensis. An unidentified trichomonad was observed in cecal submucosa, lymphatics, tunica muscular-is, serosa, and mesenteric lymph nodes of a Titi monkey (Callicebus moloch) with an ulcerative cecocolitis. 2 Phagocytized trichomonads and vascular thrombosis with focal transmural infarction were also noted in this case. Trichomonas vaginalis has been demonstrated in subepithelial tissues of a cervical biopsy 8 and in intraepithelial vacuoles and subepithelial connective tissue of the prostate 7 in human beings.
The mechanisms by which T. foetus produces mucosal epithelial injury and detachment are undetermined. The ability of the organism to penetrate and undermine epithelium was evident in these fetuses. In vitro studies have demonstrated adhesion of T. foetus to bovine vaginal epithelial cells and erythrocytes 6 and adhesion and cytotoxicity to human cervical and bovine lymphosarcoma cell lines. 4 The fortuitous collection of complete sets of tissues from 4 T. foetus-infected fetuses allowed observation of previously undescribed gastrointestinal lesions and fetal tissue invasion by trichomonads. In previous studies in heifers 11 and bulls, 10 trichomonads have been detected only in the surface secretions of the female genital tract and preputial cavity.
Microscopic findings in the fetuses in this report are evidence that T. foetus has the ability to penetrate fetal mucosal epithelium and invade subjacent connective tissue and lymphatics. Further studies using immunohistochemical techniques should provide a better understanding of the pathogenesis of trichomoniasis in adult cattle.
